INTRODUCTION

51
Plant biomass, a renewable resource targeted for bioenergy production, is mainly 100 mM NaCl, 10% glycerol, 10 mM imidazole, 1.25% . For the other 151 mutants, the cell pellet was re-suspended in a lysis buffer without imidazole (50 mM   152 Tris-HCl, 300 mM NaCl, pH 7.5). The re-suspended cell pellets were then passed 153 through an EmulsiFlex C-3 cell homogenizer (Avestin, Ottawa, Canada). The 154 supernatant containing the cell extract was collected after centrifugation at 12,857 × g 155 for 20 min, and the recombinant proteins were purified as described below. with 2 mg/ml Avicel in 50 mM Tris-HCl, 150 mM NaCl, pH 7.5 buffer in a 2-ml tube.
MATERIALS AND METHODS
309
As a control, proteins of the same concentrations were incubated with the buffer 310 without Avicel in the tube. After 1.5 hours end-over-end incubation at 4 ºC, the 311 mixtures were centrifuged at 25,000 × g for 3 min. Fig. 2) . Deletion of CBM3c dramatically reduced the thermostability 397 of the enzyme. The truncated mutant TM4 remained stable at 45 ºC and 50 ºC, but the 398 enzyme rapidly lost its activity at temperatures above 55 ºC (Supplemental Fig. 2 ).
399
The pH and temperature optima were also determined for hydrolysis of mannan 400
substrates. For the wild-type enzyme, the optimal pH and temperature for hydrolysis 401 of the mannan substrates were 5.5 -6.5 and 90°C, respectively, and for TM5 the 402 values were 6.5 and 90°C, respectively (data not shown). The thermostability of TM5 403 using mannan as substrate was not determined in this study. cello-oligosaccharides, it was confirmed that the β-1,4-glucose linkage cleaving activity was controlled by the GH9 domain (Fig. 2B) . The wild-type protein and TM5
416
showed hydrolysis of manno-ligosaccharides from degree of polymerization (DP) of 3 417 and larger (Fig. 2C) CbCel9B/Man5A (Fig. 3) . However, neither of two aromatic residues (Trp-209 in T.
492
fusca and Phe-308 in C. cellulolyticum) responsible for hydrophobic stacking 493 interaction at subsite -3, is present in CbCel9B/Man5A (Fig. 3) Gly-208 to obtain a TM3G208W and a TM3G208WG mutant, respectively. These 499 mutants mimicked the T. fusca enzyme. In addition, T-298 was also changed to 500
Phe-298 to obtain TM3T298F mutant, which mimicked the C. cellulolyticum enzyme.
501
The secondary structures of the three mutants did not show any gross differences 502 compared to CbCel9B/Man5ATM3 as revealed by circular dichroism (CD) scans (Supplemental Table 3 (Table 2) . Moreover, the catalytic efficiencies of this 516 mutant for locust bean gum and guar gum also increased by 34-fold and 10-fold, 517 respectively, ( Table 2 ). The site-directed mutagenesis of the TM3 truncated mutant 518 also increased its apparent k cat on konjac glucomannan by two-fold or higher (Table   519 2 wild-type, TM1, TM2, and TM5 (Fig. 4A, B to weakly bind to insoluble cellulose (Fig. 4A, B) . The binding of the CBM3c of 532 CbCel9AMan5B (TM6) to insoluble cellulose was unexpected since this binding was 533 not observed for other CBM3c characterized by the same method (10, 17, 19, 26) .
534
Note, however, that the bindings were weak and thus preventing us from obtaining the 535 binding constants of the GH9 and CBM3c modules for Avicel. The CBM3b (TM7) 536 also bound to Avicel and PASC (Fig. 4A, B) , although in this case also the binding 537 constants could not be determined. (TM7) binds to insoluble cellulose (Fig. 4A, B) . Deletion of one CBM3b (TM2) from 551 TM1 did not significantly affect the binding to these substrates (Fig. 4A, B) .
552
Correspondingly, the specific activities and kinetic parameters of TM1 and TM2 are 553 similar for cellulose substrates (Table 1) . Deletion of both CBM3b's (TM3) reduced 554 both the binding to the insoluble substrates and the specific activities for Avicel and 555 filter paper (Table 1) . Therefore, the CBM3b modules facilitate the deconstruction of 556 crystalline cellulose by CbCel9B/Man5A. The protein corresponding to one tenth volume of each fraction was applied to a 12% on November 12, 2017 by guest
